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ABSTRACT 

Objective With the rapid increase in use of electronic 
nicotine delivery systems (ENDS), such as electronic 
cigarettes (e-cigarettes), users and non-users are exposed 
to the aerosol and product constituents. This is a review 
of published data on the human health effects of 
exposure to e-cigarettes and their components. 
Methods Literature searches were conducted through 
September 2013 using multiple electronic databases. 
Results Forty-four articles are included in this analysis. 
E-cigarette aerosols may contain propylene glycol, 
glycerol, flavourings, other chemicals and, usually, 
nicotine. Aerosolised propylene glycol and glycerol 
produce mouth and throat irritation and dry cough. No 
data on the effects of flavouring inhalation were 
identified. Data on short-term health effects are limited 
and there are no adequate data on long-term effects. 
Aerosol exposure may be associated with respiratory 
function impairment, and serum cotinine levels are 
similar to those in traditional cigarette smokers. The high 
nicotine concentrations of some products increase 
exposure risks for non-users, particularly children. The 
dangers of secondhand and thirdhand aerosol exposure 
have not been thoroughly evaluated. 
Conclusions Scientific evidence regarding the human 
health effects of e-cigarettes is limited. While e-cigarette 
aerosol may contain fewer toxicants than cigarette 
smoke, studies evaluating whether e-cigarettes are less 
harmful than cigarettes are inconclusive. Some evidence 
suggests that e-cigarette use may facilitate smoking 
cessation, but definitive data are lacking. No e-cigarette 
has been approved by FDA as a cessation aid. 
Environmental concerns and issues regarding non-user 
exposure exist. The health impact of e-cigarettes, for 
users and the public, cannot be determined with 
currently available data. 
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INTRODUCTION 

Electronic cigarettes (e-cigarettes) are rapidly 
increasing in popularity in the USA. E-cigarettes 
purportedly do not involve tobacco combustion; 
rather, nicotine and the other components are aero- 
solised prior to inhalation. While the lack of com- 
bustion likely reduces toxicant exposure for 
e-cigarette users as compared to traditional cigar- 
ettes, users and others may experience secondhand 
or thirdhand exposures through direct physical 
contact with product components, or inhaling 
secondhand aerosol. Most of the available pub- 
lished data related to health effects do not include 
an evaluation of the effects on the population as a 
whole. This is a review of published data on the 
health effects associated with exposure to e- 
cigarettes with a focus on individual harm. Product 
addiction was not considered in this review of 
health effects. 



METHODS 

Systematic literature searches were conducted 
through September 2013 to identify research 
related to e-cigarettes and health effects. Five refer- 
ence databases (Web of Knowledge, PubMed, 
SciFinder, Embase and EBSCOhost) were searched 
using a set of relevant search terms used singly or 
in combination. Search terms included 'electronic 
nicotine devices' OR 'electronic nicotine device' 
OR 'electronic nicotine delivery systems' OR 'elec- 
tronic nicotine delivery system' OR 'electronic 
cigarettes' OR 'electronic cigarette' OR 
'e-cigarettes' OR 'e-cigarette' OR 'e-cig' OR 'e-cigs' 
AND 'toxicity' OR 'health effects' OR 'adverse 
effects' OR 'smoking cessation' OR 'smoking reduc- 
tion' OR 'safety' 

To be considered for inclusion, the article had to 
(1) be written in English; (2) be publicly available; 
(3) be published in a peer-reviewed journal; and (4) 
deal partly or exclusively with health effects related 
to exposure to, or use of, electronic nicotine deliv- 
ery systems (ENDS) or e-cigarettes. A total of 359 
articles met the inclusion criteria. Article titles and 
abstracts (when titles provided insufficient detail) 
were then screened for potential relevance. This 
yielded 105 articles for full-text review, which 
included a manual search of the reference lists of 
selected articles to identify additional relevant 
publications. 

Following the full-text review, 44 articles were 
deemed relevant for this analysis; articles selected 
for inclusion were published between 2009 and 
2013. The validity and strength of each study were 
determined based on a qualitative assessment of 
study objectives and population, risk of bias, 
experience of subjects with e-cigarettes, and experi- 
mental details. Meaningful study limitations are 
noted in the analysis. 

Although the vast majority of documents 
reviewed were found in the peer-reviewed litera- 
ture, additional documents considered included 
one poster, results of a publicly available FDA ana- 
lysis, and two theatre industry reports.' 

RESULTS 

Health effects related to specific components of 
electronic cigarettes 

Eighteen reviewed publications evaluated the health 
effects related to specific e-cigarette components. 
Aerosolisation of e-cigarette liquid (most commonly 
composed of water, propylene glycol (PG), glycerin, 
nicotine and flavourings) produces the 'smoke' that 
users, and potentially non-users, inhale.^ Factors 
which may contribute to inhalation effects of 



'The theater industry uses glycol and glycerin (common 
ingredient in e-cigarettes) to create artificial smoke. [END] 
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e-cigarettes include climate conditions, air flow, room size, 
number of users in the vicinity, type(s) and age of systems being 
used, battery voltage, puff length, interval between puffs, and 
user characteristics (eg, age, gender, experience, health status). 
Additionally, particle size affects the site and effects of pulmonary 
absorption; details of e-cigarette aerosol particle size and absorp- 
tion are unknown and likely vary depending on the product.^ 

Glycol and glycerol vapour are components of most e- 
cigarettes. Used in the theatre industry and for aviation emer- 
gency training, these are known upper airway irritants.^ Contact 
with glycol mist may also dry out mucous membranes and eyes.^ 
Glycerin is used therapeutically to increase the efficacy of inha- 
lants; it has hydroscopic properties that draw water into bron- 
chial secretions and reduces their viscosity. Glycerin and PG did 
not cause cytotoxic effects when human embryonic stem cells, 
mouse neural stem cells, and human pulmonary fibroblasts were 
exposed to several e-cigarette refill solutions.^ The repeated and 
potentially long-term inhalation of glycerol vapour associated 
with e-cigarette use, however, differs from exposure levels in 
the entertainment industry; currently available data are not suffi- 
cient to determine long-term safety. 

Nicotine is readily absorbed through the airway, skin, mucous 
membranes and gastrointestinal tract. Acute exposure to inhaled 
nicotine may cause dizziness, nausea, or vomiting. Toxic reac- 
tions associated with dermal nicotine exposure have been 
described after spills of nicotine-containing liquids or occupa- 
tional contact with tobacco leaves. Serious cases of nicotine poi- 
soning due to cigarettes are relatively rare; spontaneous vomiting 
usually limits the absorption of swallowed tobacco.'' E-cigarettes, 
however, may pose increased risk of nicotine toxicity due to the 
availability of high nicotine concentrations in the cartridges.^ 
There are reports of completed and attempted suicide by intra- 
venous injection and oral ingestion of liquid nicotine intended 
for e-cigarette cartridges.**"^" The level of nicotine exposure from 
use of electronic cigarettes is highly variable. Studies have found 
wide ranges in nicotine levels, variability in aerosolisation, 
inaccurate product labelling, and inconsistent nicotine delivery 
during product use. In one study, e-cigarette liquids were 
obtained in retail stores and via the Internet. Liquids tested con- 
tained between 14.8 and 87.2 mg/mL of nicotine and the mea- 
sured concentration differed from the declared concentration by 
up to 50%.^^"''* FDA's Division of Pharmaceutical Analysis con- 
ducted repeat testing of three different cartridges with the same 
label and found nicotine levels varying from 26.8 to 43.2 |ig 
nicotine/100 mL puff.^^ In the absence of quality standards, e- 
cigarette product consistency is a significant concern. Product 
labeling is also inconsistent and potentially misleading. 

To date, evaluations of other e-cigarette components have not 
found serious health effects, but findings must be interpreted 
with caution due to limited data and lack of standardised testing 
methods. Analyses of flavourings used in e-cigarettes have 
shown brand-to-brand variability. Laugesen tested the Ruyan V8 
e-cigarette for over 50 cigarette smoke toxicants with negative 
results. Other evaluations have found low levels of 
tobacco-specific nitrosamines (TSNA) and diethylene glycol, 
though, in most cases, the levels were minimal and similar to 
levels in a nicotine patch. Pellegrino et al evaluated particulate 
matter (PM) emissions from e-cigarettes and conventional cigar- 
ettes. PM emissions from e-cigarettes slightly exceeded WHO 
air quality guidelines, but were 15 times lower than emissions 
after use of traditional cigarettes.^** These data showing lower 
emissions from e-cigarettes could indicate less danger for 
secondhand and thirdhand exposure, but without a standardised 
testing method the studies are not conclusive. 



Physiological effects observed in clinical studies 

Nine studies evaluated the physiological effects of e-cigarette 
use. E-cigarettes are frequently marketed as 'safe' products. 
However, while the inhaled compounds associated with e- 
cigarettes may be fewer and less toxic than those from trad- 
itional cigarettes, data to establish whether e-cigarette use as a 
whole is less harmful to the individual user than traditional 
cigarettes are not conclusive. Studies reviewed noted the follow- 
ing observed physiologic effects associated with acute exposure 
to e-cigarettes or e-cigarette aerosols: 

► mouth and throat irritation and dry cough at initial use, 
though complaints decreased with continuing use^ 

► no change in heart rate, carbon monoxide (CO) level, or 
plasma nicotine level^" 

► decrease in fractional exhaled nitric oxide (FeNO) and 
increase in respiratory impedance and respiratory flow resist- 
ance similar to cigarette use^^ 

► no change in complete blood count (CBC) indices^^ 

► no change in lung function^^ 

► no change in cardiac function as measured with 
echocardiogram^^ 

► no increase in inflammatory markers^* 

A summary of additional details and results of seven of the 
reviewed studies are presented in table 1. 

Exposure risks for non-users 

Five studies addressed exposure risks for non-users. E-cigarette 
refill cartridges may contain toxic amounts of nicotine. Nicotine 
from the aerosol or the liquid can remain on surfaces for weeks to 
months, and may react with ambient nitrous acid to produce 
TSNAs, leading to inhalation, ingestion, or dermal exposure to 
carcinogens.^^ The primary indoor sources of ambient nitrous 
acid are gas appliances. Children are at risk of toxicity from refill 
cartridges; the flavourings may increase appeal while the total 
nicotine content is potentially life-threatening. The cytotoxic 
effects of refill solution components may be more pronounced on 
embryonic cells.^ Aerosol from e-cigarettes is only released during 
exhalation and content will vary depending on the users' tech- 
nique or other conditions, such as temperature.^* An evaluation 
of e-cigarette aerosol showed traces of TSNAs, but the levels were 
9^50 times lower than in cigarette smoke, and generally compar- 
able with amounts found in a prescription nicotine inhaler.^^ 
However, these data may not reflect real-world use of e-cigarettes, 
where the human user is an intermediary between the aerosol and 
the environment. Persistent residual nicotine on indoor surfaces 
can lead to thirdhand exposure through the skin, inhalation and 
ingestion long after the aerosol has cleared the room.^^ 

Potential for reduced harm or cigarette smoking cessation 

Twelve studies and surveys evaluated the patterns of e-cigarette 
use including the reasons for initiating or continuing use and 
the potential for e-cigarettes to facilitate smoking cessation. 

Marketing information frequently includes a stated or implied 
claim that using e-cigarettes will help smokers quit or reduce 
cigarette use. Supporting data, however, are quite limited. 
Several small studies have demonstrated short-term reduction in 
cigarette smoking while using e-cigarettes.^^~^^ Smokers also 
report fewer withdrawal symptoms when using e-cigarettes 
while quitting.^^ Many cigarette smokers also report attrac- 
tion to e-cigarettes due to reduced cost, perceived reduced tox- 
icity, and more freedom of use. Users acknowledge that 
e-cigarettes may 'not be completely safe' and are 'addictive' but 
believe they are safer and less addictive than cigarettes.^^ Studies 
attempting to show efficacy of e-cigarettes as a cessation therapy 



Callahan-Lyon P. Tob Control 2014;23:ii36-ii40. doi:10.1 136/tobaccocontrol-20 13-05 1470 



ii37 



Original article 



Table 1 Physiological effects following acute exposure to electronic cigarettes 



Reference 


Study population 


Study groups 


Summary of results 


Vansickel et al 


32 smokers 


Own brand cig 


Increased heart rate, plasma nicotine & CO 




e-cig naive; two cigs (10 putts) each 


18 mg e-clg 


No measurable Increase In heart rate, plasma nicotine or CO level 




type 


16 mg e-clg 








Sham cIg 




Vardavas ef aF 


30 healthy adult smokers (e-cig 


NIcotlne-contalnIng e-clg 


Decrease In FeNO; Increase In respiratory Impedance and respiratory flow 




status unknown); 




resistance (similar to cigarette use) 




Used e-clg for 5 minutes 


No-cartrldge e-clg 


Control 


Flouris etal" 


1 5 smokers # puffs adjusted for 


Active cig 


Increase in WBC, lymphocyte, granulocyte counts; cotinlne Increased; FEV1/ 




smoking history 




FVC decreased 






Active e-clg 


CBC Indices unchanged; cotlnine Increased; FEV1/FVC unchanged 






Passive e-cig 








Passive cIg 


Increase in WBC, lymphocyte, granulocyte counts; cotinlne Increased; FEV1/ 








FVC unchanged 


Chorti ef al 


1 5 cigarette smokers; 


Passive smoking 


Increased CO and cotinlne 




used one e-clg 


Smoke 2 usual brand cIgs 


Decreased FEV1, FEV1/FVC, & FeNO; increased cotinlne and CO 






Active e-clg 


Lung function unchanged; cotinlne Increased 






Passive e-cig 


Reduced FEV1/FVC; Increased cotinlne 


Farsalinos ef aF^ 


22 ex-clgarette e-cig users 


Baseline cardiac echo, repeat 


No change In cardiac echo parameters 




20 current cigarette users 


study after one cIg or e-clg 


Measurable decrease In LV function 


Tzatzarakis, ef aF^ 


1 0 smokers 


Active cig 


Increased Interleukins and epidermal growth factor 




Brief active e-clg session 


Active e-clg 


No increase In assessed Inflammatory markers 




1 0 never-smokers; 1 h exposure 


Passive cIg 


Increased tumour necrosis factor alpha 






Passive e-cig 


No increase In assessed Inflammatory markers 



CBC, complete blood count; CO, carbon monoxide; e-cig, electronic cigarette; FeNO, fractional exhaled nitric oxide, FEVl , forced expiratory volume in 1 s; FVC, forced vital capacity; LV, 
left ventricle; WBC, white blood count. 



have had mixed resuks, with generally low sustained cessation 
rates (self-reported or verified). 38^2 ^^jyg^gg events, when 
, were not serious. 
A summary of the reviewed surveys and studies is presented 
in table 2. 

CONCLUSIONS 

Although e-cigarettes have potential advantages over traditional 
cigarettes, there are many deficiencies in the available data.^ 
Differences in product engineering, components and potential 
toxicities make it difficult to discuss e-cigarettes as a single 
device.'*^ E-cigarettes may be useful in facilitating smoking cessa- 
tion, but definitive data is lacking. E-cigarettes may provide a less 
harmful source of nicotine than traditional cigarettes, but evi- 
dence of decreased harm with long-term use is not available. It is 
encouraging that few serious adverse events have been reported 
related to e-cigarette use during the years the products have been 
available, but without a specific reporting mechanism, adverse 
event data may not be comprehensive. There is continued 
concern about the attractiveness of these products for tobacco- 
naive individuals. The novelty of the new technology and the 
variety of flavouring options may be appealing to younger users. 

Significant gaps exist in the health-effects data for e- 
cigarettes.^ Product standards including criteria for ingredients, 
quality and manufacturing have not been developed. There are 
limited data on the effects of recurrent long-term exposures to 
aerosolised nicotine, flavourings and PG. The effects of an 
aerosol delivery system on the quantity of nicotine consumed by 
users are unknown. Health effects may be influenced by the 
'learning curve' for e-cigarette use; many of the currently pub- 
lished studies were conducted in e-cigarette-naive subjects, 
which may influence study results.^"* Studies have shown large 
individual differences in nicotine levels in subjects using the 
same product. Stronger puffing is required for most e-cigarettes, 
and the puff strength needs to increase as cartridge liquid 



volume decreases. The average vacuums for 10 puffs for the 
tested e-cigarettes ranged from 25 to 153 mm H2O; all tested 
brands of e-cigarettes required a vacuum above that needed to 
smoke conventional cigarettes.^^ Aerosol density decreases as 
puff number increases, and the smoking characteristics vary con- 
siderably within and between e-cigarette brands, making data 
comparison and interpretation difficult.^* 

Another significant issue related to health effects is the risk 
associated with the use and abuse of nicotine refill bottles. 
Poison control centre reports of unintentional nicotine inges- 
tion, usually by children, are increasing. Of 79 total exposures, 
2 were reported in 2009, 6 in 2010, 11 in 2011, 43 in 2012 
and 17 in the first 3 months of 2013. Most (80%) of the expo- 
sures were unintentional.^ Finally, the likelihood that non- 
tobacco users will begin using e-cigarettes and transition to 
other nicotine-containing products due to addiction develop- 
ment should be thoroughly evaluated. Future studies assessing 
the human health effects of e-cigarettes should include the 
effects of e-cigarettes on tobacco use patterns, quit attempts and 
quit rates; preferred brands; satisfaction rates; and the effects of 
secondhand and thirdhand exposures to exhaled aerosol. 

E-cigarettes have the potential for significant impact on public 
health. The regulation of e-cigarettes varies from country to 
country. Of the 33 countries that responded to a 2011 WHO 
survey about regulation and availability of e-cigarettes within 
their country, 13 reported no availability, 16 reported they were 
available (nine unregulated, seven with some type of regulation), 
and four were unsure.^^ Although the sale, use and advertising 
of e-cigarettes are permitted in the USA, some individual states 
have imposed restrictions. As noted by Trtchounian and Talbot, 
the effects of policies, regulations, healthcare costs and any 
health benefit for users or the general population will be diffi- 
cult to assess unless e-cigarettes are a regulated product.^** At 
this time, data are not sufficient to confirm a long-term benefit 
for users or a public health benefit for the population at large. 



1138 



Callahan-Lyon P. Tob Confro/ 2014;23:ii35-ii40. doi:10.1 136/tobaccocontrol-20l3-051470 



Original article 



Table 2 Surveys and studies evaluating cigarette reduction or smoking cessation 



Reference Study design and population 

Etter^^ Internet survey of 81 ever-users of e-cigs; 37% 

dual cigarette and e-cig users 



Siegel ef al^^ Online survey of all first-time purchasers of 
particular e-cigs over 2-week period; 
222 respondents (response rate 4.5%) 

Etter and Self-selected Internet survey of 3587 visitors to 

Bullen^" e-cigarette websites; 70% former smokers; Of 

current smokers 60% responded 'trying to quit' 
and 84% 'trying to reduce' 

Bullen ef a/^^ 40 e-cig-naive smokers randomized to use 
nicotine-containing e-cig, nicotine-free e-cig, 
Nicorette nicotine inhaler, or usual cigarette 



Popova and Survey of 1836 current or recently (<2 years) 

Ling^^ former smokers 



Goniewicz ef al^^ On-line recruiting of Polish e-cig users; 1 79 of 
203 survey completers provided usable data 



Polosa ef ar 



Polosa etaP 



Caponnetto 
etal'' 



Six-month pilot study of 7.4 mg nicotine e-cigs; 
40 subjects not interested in quitting; CC 
smoking allowed though use of e-cigs 
encouraged; subjects completed diary 



24-month prospective observational continuation 
of above study; 

e-cigs not provided after first 6 months but 
subjects could purchase 



12-month prospective trial; 300 smokers not 
intending to quit received e-cigs (cartridges 
contained 7.2 mg, 5.4 mg, or 0 mg nicotine); 
study product provided for 1 2 weeks; 
double-blind, controlled, randomized 



Caponnetto 
etar 



Bullen ef ar 



Farsalinos ef al^^ 



14 smokers with schizophrenia; 

52 week follow-up; study product provided for 

12 weeks; maximum 4 cartridges/day 



657 adult smokers wanting to quit were given 
nicotine e-cigs, patch, or placebo e-cigs; product 
was supplied for 13 weeks; subjects were 
followed for 6 months 

Personal interviews of 1 1 1 former smokers who 
completely switched to e-cigs for >1 month 



Summary of results 

Reasons for e-cig use were to quit smoking (53%), 
health (49%), cost (26%), freedom to use in 
smoke-free places (21%), and to avoid disturbing 
others (20%) 

Reported six-month point prevalence of smoking 
abstinence of 31%; 66.8% reported a reduction in 
cigarette smoking 

Reasons for e-cig use were: less perceived toxicity 
(84%), to quit smoking or avoid relapsing (77%), 
tobacco craving (79%), withdrawal symptoms 
(67%), and decreased cost (57%) 
Smoking desire and withdrawal symptoms were 
most effectively alleviated after the usual cigarette 
but the 16 mg e-cig and the Nicorette inhaler had 
similar results and both of these were more 
effective than the placebo e-cig 
Of the smokers, 38% had tried an alternative 
tobacco product most commonly e-cigarettes. Use 
of alternative tobacco products was associated with 
making a quit attempt but not with successful 
quitting 

Self-reported results: 66% had quit smoking; 
additional 25% reported 

<5 cigarettes per day (CPD); 82% believed e-cigs 
'not completely safe but better than cigarettes'. 
60% believed e-cigs addictive but less than 
cigarettes. 

67.5% completed the program. Thirteen of 40 
subjects had self-reported 50% reduction in CPD at 
24 weeks. Nine subjects (22.5%) self-reported 
quitting by the end of the study; six of them were 
still using the e-cigs. eCO measured to verify 
reduction or abstinence 

23 completed all follow-up visits. At 24 months, 
>50% reduction in CPD was self-reported in 1 1 of 
the 40 participants, with a median decrease from 

24 to 4 CPD. Smoking abstinence was self-reported 
in 5 of 40 participants. eCO measured to verify 
reduction or abstinence. No serious AEs reported; 
predominant complaints were mouth and throat 
irritation and dry cough; withdrawal symptoms 
uncommon 

75% of the subjects returned at week 12, 70.3% at 
week 24, and 61 % at week 52. No significant 
changes in heart rate, blood pressure, or weight 
were found over the study duration. Smokers in all 
three groups reduced diary (self)-recorded CPD by 
more than 50%; this was associated with reduction 
in measured eCO levels and was not related to 
cartridge nicotine content. The subject-reported 
abstinence rate at 52 weeks was 8.7%. Of the 
quitters, 26.9% reported still using e-cigarettes; no 
significant AEs 

Sustained 50% reduction in self-reported CPD (14 
to 7). Two of 14 self-reported sustained abstinence 
at 52 weeks. eCO measured to verify reduction or 
abstinence. AEs included nausea, throat irritation, 
headache, and dry cough 
Self-reported abstinence rates at 6 months were 
7.3% for nicotine e-cig users, 5.8% for patch users, 
and 4.1 % for placebo e-cig users; eCO measured to 
verify abstinence; 
no difference in AEs 

81% used e-cig with >15 mg/mL nicotine; few 
non-serious AEs (cough, throat irritation) 
Self-reported abstinence verified by blood 
carboxyhaemoglobin 



Limitations of study 

Self-selected sample of internet users 



Low response rate; only 1 brand; 
self-reported abstinence rate 

Self-selected sample; respondents may have 
adjusted answers to justify opinions on 
cessation or safety 

Small sample size; limited to smokers not 
intending to quit; subjects e-cig naive 



Internet survey; all results self-reported; 
unable to link use of specific product(s) with 
cessation 



Internet sun/ey; subjects recruited from 
on-line groups; not a general population; 
self-reported results 



Small study; no control arm; 32.5% did not 
come to final follow-up visit; self-reported 
results; technical difficulty with e-cig (older 
product) 



Same as above; 42.5% failed to attend final 
follow-up visit; assessment of withdrawal 
symptoms not rigorous; cannot make direct 
comparison with other cessation products 



Cannot compare with other cessation 
programs since subjects not intending to 
quit; self-reported results; 40% did not 
attend final follow-up visit; technical issues 
with e-cig (older model product) 



Small uncontrolled study; assessment of 
withdrawal symptoms not rigorous 



Study size not optimal for statistical analysis; 
more dropouts in patch group; low 
abstinence rates possibly due to inadequate 
nicotine replacement 

May not reflect general population; majority 
male subjects 



AE, adverse event; CC, conventional cigarette; eCO, exhaled carbon monoxide; e-cig, electronic cigarette. 
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What this paper adds 



► This review summarises the available data related to health 
effects from use or exposure to electronic cigarettes. 

► Studies have revealed variability in e-cigarette products 
including nicotine content. Evaluations of other e-cigarette 
components have not identified serious health effects. 
Impact on smoking cessation is unclear. Overall, the wide 
variability in products and lack of standardised testing 
methods makes evaluation of the available data challenging. 

► There are not adequate data to support the safety of 
long-term use of electronic cigarettes at this time. 



Acknowledgements I would like to thank Drs. Cathy Backinger, Elizabeth 
Durmowicz, li-Lun Chen, Carolyn Dresler, and Corinne Husten, as well as 
Mr. Paul Aguilar and Ms. Deborah Neveleff, for their support of the project. 

Contributors PCL conducted the literature search, reviewed abstracts and 
composed this paper. 

Competing interests None. 

Provenance and peer review Not commissioned; externally peer reviewed. 

Open Access This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 3.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited and the use is non-commercial. See: http://creativecommons.org/ 
licenses/by-nc/3.0/ 

REFERENCES 

1 Caponnetto P, Campagna D, Papale G, ef al. The emerging phenomenon of 
electronic cigarettes. Expert Rev Respir Med 2012;5:63-74. 

2 Etter JF, Bullen C, Flouris AD, et al. Electronic nicotine delivery systems: a research 
agenda Tob Control 201 1;20:243-8. 

3 ENVIRON International Corporation. Equipment-based guidelines for the use of 
theatrical smoke and haze. Report prepared for Equity-League Pension and Health 
Trust Funds, 2001. http://www.actorsequity.org/docs/safesan/equipment-based.pdf 
(accessed July 2013). 

4 Raymond GE. Recommended exposure guidelines for glycol fogging agents. Report 
prepared for Entertainment Services and Technology Association, 1997. http://www. 
lemaitreltd.com/pdf/Cohen%20Report.pdf (accessed July 2013). 

5 Bahl V, Lin S, Xu N, ef al. Comparison of electronic cigarette refill fluid cytotoxicity 
using embryonic and adult models. Reprod Toxicol 2012;34:529-37. 

5 Centers for Disease Control and Prevention. Ingestion of cigarettes and cigarette 
butts by Rhode Island children. MMWR 1997;46:125-8. 

7 Ordonez J, Forrester MB, Kleinschmidt K. Electronic cigarette exposures reported to 
poison centers. Clin Toxicology 2013;51:685. 

8 Thornton S, Oiler L, Sawyer T Fatal intravenous injection of electronic "eLiquid" 
solution. Annual Meeting of North American Congress of Clinical Toxicology. Clin 
roMco/ogy 2013;51:238. 

9 Valento M. Nicotine poisoning following ingestion of e-Liquid. Annual Meeting of 
North American Congress of Clinical Toxicology. Clin Toxicology 2013;51:239. 

10 Christensen LB, Van't Veen T Bang J. Three cases of attempted suicide by ingesrion 
of nicotine liquid used in e-cigarettes. Clin Toxicology 2013;51:290. 

11 Goniewicz ML, Kums T Gawron M, etal. Nicotine levels in electronic cigarettes. 
Nicotine Tob Res 2013;15:158-66. 

12 Eissenberg T Electronic nicotine delivery devices: ineffective nicotine delivery and 
craving suppression after acute administration. Tob Control 2010;19:87-8. 

13 Cheah NP Chong NW, Tan J, et al. Electronic nicotine delivery systems: regulatory 
and safety challenges: Singapore perspective. Tob Control 2014;23:1 19-25. 

14 Kirschner Rl, Gerona R, Jacobitz KL. Nicotine content of liquid for electronic 
cigarettes. Clin Toxicology 20 13; 5 1:684. 

15 Westenberger BJ. Evaluation of e-cigarettes. Department of Health and Human 
Services Food and Drug Administration, Center for Drug Evaluation and Research, 
Division of Pharmaceutical Analysis, 2009. http://www.fda.gov/downloads/Drugs/ 
ScienceResearch/UCM173250.pdf (accessed 19 Aug 2013). 

16 Laugesen M. Ruyan e-cigarette bench-top tests Poster. 5oc Res Nicotine Tob 2009. 
http://vi/ww.healthnz.co.nz/DublinEcigBenchtopHandout (accessed 16 Nov 2012). 

17 Cahn Z, Seigel M. Electronic cigarettes as a harm reduction strategy for tobacco 
control: a step forward of a repeat of past mistakes? J Public Health Policy 
2011;32:16-31. 



18 Pellegrino RM, Tinghino B, Mangiaracina G, et al. Electronic cigarettes: an 
evaluation of exposure to chemicals and fine particulate matter (PM). Ann Ig 
2012;24:279-88. 

19 Polosa R, Morjaria JB, Caponnetto P, et al. Effectiveness and tolerability of 
electronic cigarette in real-life: a 24-month prospective obsen/ational study, intern 
EmergMed Published Online First: 20 Jul 2013. doi:10.1007/sl 1739-013-0977-z 

20 Vansickel AR, Cobb CO, Weaver MF. A clinical laboratory model for evaluating the 
acute effects of electronic cigarettes: nicotine delivery profile and cardiovascular and 
subjective effects. Cancer Epidemiol Blomarkers Prev 2010;19:1945-53. 

21 Vardavas CI, Anagnostopoulos N, Kougias M, et al. Short-term pulmonary effects of 
using an electronic cigarette. Chest 2012;141:1400-6. 

22 Flouris AD, Poulianiri KP Chorti MS, et al. Acute effects of electronic and tobacco 
cigarette smoking on complete blood count. Food Chem Toxicol 2012;50:3600-3. 

23 Chorti M, Poulianti K, Jamurtas A, ef al. Effects of active and passive electronic and 
tobacco cigarette smoking on lung function. Abstracts/Toxicol Lett 2012;21(1S):64. 

24 Flouris AD, Chorti MS, Poulianiti KP ef al. Acute impact of active and passive 
electronic cigarette smoking on serum cotinine and lung function, inhal Toxicol 
2013;25:91-101. 

25 Farsalinos K, Tsiapras D, Kyrzopoulos S, ef al. Acute effects of using an electronic 
nicotine-delivery device (e-cigarette) on myocardial function: comparison with the 
effects of regular cigarettes. Eur Heart J 2012;33(Supp 1):203. 

26 Tzatzarakis MN, Tsitoglou Kl, Chorri MS, ef al. Acute and short term impact of 
active and passive tobacco and electronic cigarette smoking on inflammatory 
markers. Toxicol Lett 2013;221S:S86. 

27 Riker CA, Lee K, Darville A, et al. E-Cigarettes: promise or peril? Nurs Clin North 
Am 2012;47:159-71. 

28 Schripp T Markewitz D, Uhde E, et al. Does e-cigarette consumption cause passive 
vaping? Indoor Air 2013;23:25-31. 

29 Goniewicz ML, Knysak J, Gawron M, ef al. Levels of selected carcinogens and 
toxicants in vapour from electronic cigarettes. Tob Control 2014;23:133-9. 

30 McAuley TR, Hopke PK, Zhao J, ef al. Comparison of the effects of e-cigarette 
vapor and cigarette smoke on indoor air quality Inhal Toxicol 2012;24:850-7. 

31 Kuschner WG, Reddy S, Mehrotra N, ef al. Electronic cigarettes and thirdhand 
tobacco smoke: two emerging health care challenges for the primary care provider 
/nf/Gen Med 2011;4:115-20. 

32 Etter JF. Electronic cigarettes: a survey of users. BMC Public Health 2010;10:231-7. 

33 Siegel MB, Tanwar KL, Wood KS. Electronic cigarettes as a smoking-cessation tool. 
Am J Prev Med 20] ];A0:472-S. 

34 Etter JF, Bullen C. Electronic cigarette: users profile, utilization, satisfaction and 
perceived efficacy. Addiction Research Report 201 1; 106:201 7-28. 

35 Bullen C, McRobbie H, Thornley S, et al. Effect of an electronic nicotine delivery 
device on desire to smoke and withdrawal, user preferences and nicotine delivery: 
randomized cross-over trial. Tob Control 2010;19:98-103. 

36 Popova L, Ling PM. Alternative tobacco product use and smoking cessation: 
a national study. Am J Public Health 2013;103:923-30. 

37 Goniewicz ML, Lingas EO, Hajek P, et al. Patterns of electronic cigarette use and 
user beliefs about their safety and benefits: an internet survey. Drug Alcohol Rev 
2013;32:133-40. 

38 Polosa R, Caponnetto P, Morjaria JB, ef al. Effect of an electronic nicotine delivery 
device on smoking reduction and cessation: a prospective 6-month pilot study. BMC 
Public Health 2011;11:786-98. 

39 Caponnetto P, Campagna D, Cibella F, etal. Efficiency and safety of an electronic 
cigarette (ECLAT) as tobacco cigaren;es substitute: A prospective 1 2-month randomized 
control design study PLoSONE 2013;8:e55317. http://www.plosone.org. 

40 Caponnetto P, Auditore R, Russo C, ef al. Impact of an electronic cigarette on 
smoking reduction and cessation in schizophrenic smokers: a 12-month prospective 
pilot study. Int J Environ Res Public Health 2013;10:446-61. 

41 Bullen C, Howe C, Laugesen M, ef al. Electronic cigarettes for smoking cessation: 
a randomized controlled trial. Lancet 2013;382:1629-37. 

42 Farsalinos KE, Romagna G, Tsiapras D, et al. Evaluating nicotine levels selection 
and patterns of electronic cigarette use in a group of "vapers" who had achieved 
complete substitution of smoking. Subst Abuse 2013;3:139-45. 

43 Benowitz NL, Goniewicz ML. The Regulatory Challenge of Electronic Cigarettes. 
JAMA 2013;310:585-5. 

44 Farsalinos KE, Romagna G, Tsiapras D, ef al. Evaluation of electronic cigarette use 
(vaping) topography and estimation of liquid consumption: Implications for research 
protocol standards definition and for public health authorities' regulation, int J 
Environ Res Public Health 2013;10:2500-14. 

45 Trtchounian A, Williams M, Talbot P Conventional and electronic cigarettes (e-cigarettes) 
have different smoking characteristics. Nicotine Tob Res 2010;12:905-12. 

46 Dawkins L, Corcoran 0. Acute electronic cigarette use: nicotine delivery and 
subjective effects In regular users (Embase)lArticle in Press]. Berlin, Heidelberg: 
Springer-Veriag, 2013:1-7. 

47 CoP to the FCTC Electronic nicotine delivery systems, including electronic cigarettes. 
Report by the Convention Secretariat {FCTC/COP/5/13), 2012. http://apps.who.int/ 
gb/fctc/PDF/cop5/FCTC_COP5_13-en.pdf (accessed 23 Jan 2014). 

48 Trtchounian A, Talbot P Electronic nicotine delivery systems: is there a need for 
regulation? Tob Control 2011;20:47-52. 



1140 



Callahan-Lyon P. Tob Confro/ 2014;23:ii35-ii40. doi:l0.1 136/tobaccocontrol-20l3-05l470 



